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(57) Abstract: A semiconductor light-emitting device 
comprising a substrate (3), light-emitting device layers 
(10a, 10b, 10c) so formed on the substrate (3) as 
to be isolated from one another and each made of a 
semiconductor material the forbidden band width of which 
is larger than that of the substrate (3), and phosphors (15a, 
15b, 15c) which convert the wavelengths of light from 
the light-emitting device layers (10a, 10b, 10c) into other 
wavelengths. 
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DBR9±t:, Fig. 5 (c) fca*TJ;5K:, nS^yh'll 1, 
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J > 12, S^pi^7yh'I13 fcx If* 

Fig. 6 (a) {C^I-^eXl, X^^>»tbT{sj^«ll/ii (H 

ci/HNOs) mm, 7jcm{b±bU'7A (n a o h) mm^mitti u 

•7A (KOH) ^Sf^ffl^fc^x^X^^^^iaD, A*-~ 
>^^nfcl/> ? X > 5 Ul^>^7X^ltffl^, ^ft® 1 OS: 
^DBR9^M3[:iT§l1?l75 : >^-r§. itOD 

BR 9 a, 9 b, 9 c, &t*\ DB R 9 a±©I lMif 1 1 0 

a, DBR9b±©f 2i)t$fll0b, DBR9ci©^3M$ 

filOc, t %>o % 1 ^KM^M 1 0 a Fig. 6 

(a) (C^-Tcfcdfc, iiI^77Fllla, ;>F-^ftI12a, 
pl^7-y FH1 3 a^e>^^$n^>o X> I2MITI1 0 b \t. 
ni^7yFillb, ;>H-^i5ttll 2 b, pS^5yH113 
b#S, H3^ftltTjll 0 ctt, nil* 5? Fll 1 c, />F-7° 
SttSl 2 c, pl^9y H«l 3 c*6iJ*Sft5. Diy h 

x-/^>y©«t>0 fc, ££3t (Ch) #*«ff*/BH&Rjfctt-r t>iy 

5P>^ (r 1 e> j*«©^fet>ttffl , PjteT?**. ^-©m> i/^x hid in 

(A) CVDS^iaO, S^3, D B R 9 a , 9b, 9c, • 
■•••M^filOa, 10b, 10c, Sa5<k5fc'>Ua 

^■TX^^^^b, £©Xy^>^T7^£ffi^fcR I E^OX-;? 
>^ti5, Fig. -6 (b) \z^T£v\Z, *sVa>m<kmG*lz. pi7 
5»;H113a, 13 b, 13 c, S^nftll fcBT 6 a , 6 
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b, 6c, £HgPl"5.o 

(-)3g6a, 6b, 6c, 0>H§ P fc/BUfc, l^Xh£Bfc£&, 

U 7 h*7fe«rJBVi5fc«)K:, y'j3>M6&^6a, 6 b, 6 

c, -hfc»rfcfcl/5>;* h&SfefcU U V^7>U&fl5l;:<fcDA*- 

~>^T& 0 *LTjl£**fc*;*^y*U>^**lC<k!5, AuNi 

^h^'J7ht7t§:t(:j;D, Fig. 6 (c) tC^ti^C, 

110a, 10b, 10c, L.^KIipIf7yF113a, 

13b, 13c, lllpi^7yFil3a, 13b, 13c, 

"•tftSttttt-^^ftjSnry-FMUa, 14b, Uc, 



t-> (W) , (Ti) , tiJ7*f> (Mo) 3?©ii5Il!j£&JS©8 

M^^^T^o *UT, 'JV^77^S«(a0, l/yXFOl75 : > 
^Y^^^f^l, :0I-yf>^/77>HffllifcR IEjilffciOi 

31a, 31b, 31c, (Fig. 2) ±\Z. 6 fc*$* 

-MUX,, X a, X a, (Fig. 2) £/\°^-~>^T3o Z(Dt 

y-hilix,, x 2 , x 3 , fct> ^^©^^fi^HI^6 1 (F 

ig. 2) C«ftWlC»tt*r*fe«)©#>"r-f ^-n^tlM 
SJ^^^n^o CVDfcfccktK ^-hMiX i, X 2, X a, 

ts. fit, 'Jy^77^fSIi:j;0, i/$;xhoxy5 : >ifT7>i' 

SJBjfcU ^©X7?>^X7$ffl^fcR I EfeftaO, |32a, 

3 2 b, 3 2c, Cf^T, V-^IIIY Y 2, Y $ 

V-XiliY ,, Y 2, Y 3, te> x-^{f 
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(A) fr\Z, CVDftCiO, V-XiMY 1, Y 2, Y 3, ± 

\zn 2 mmmmmzmmtz m^^m) . fir, >jv^77^i 

£im>£R I Emm\z£QWi2mmmmm<D~U\z, 7;-HSii 4 

a, 14b, 14c, £>-SB£Eli}T37/- Fn>^ 

v-xiii^Y ,, Y a, y 3, (D~ffl*m&1r zv-zny?? h 

h^-j^^bt, m2mmmmm<D±%uz, t/y^ (s i h 

0 , i?zs7> (S i 2 H 6 ) ^£jm>T, #U5>'Jn>^ % ^b<^7^ 
Jl/77Xyij3>l^||t§, SiH4gKfiSi2H.II 
>?#7> (B 2 H 6 ) $plF-A'>h^X^LTttl, pi^'jyijn 

&$Hc:£D> ky^h©l>>f>^^^$i^U Z\<DX.y 

r/y-X3>^n*-;i/$^iT 1 TFT©r/Hx«{t ^-n^ 

nMt§7;-Fiil4a, 14b, 14c, R^V-XlI 

IY,, Y 2 , Y 3 , i;il$ns. 

>Ji(7)±^, cvDfetaD^Mfill^iit^, fit, uyy 
MX 1, X 2, X 3, 0-^^Sl±Sl-§^r-hn>^^ h^-;i/§ 
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MM&&m%L otftwu&&m<D$' dim h (ws i 2 , t i s 1 2> m 

x 2 , x 8 , i:ii$n§. . 

w h i:, ;^-=>^n&y-nim^i:, at* <as 

+ ) ^0ni^l^t>&jiAU, TFT0y-X/HK>^$f 
^t5. IC, CVD^tiO, TFT©^~MI©±lli3iri|g 

^t«fc0, H3©lffi (3?2±^ffi) HAl^AlNi £&#£Jf;» 

mytfczmmirz, fit, ^xh^'j7ht7t5^nio 1 Fig. 

6(c) USti^C, »l»#jrpJil 0 a, 10e, ±*c, H 

lftttttl 5a, l 5 e, , ^2Mifll Ob, 1 0 f , •••• 

•±fc«2**#l 5 b, 1 5 f , , l3MifI10 c, 10 

g. J:i:l3SMl5c, 15g, S^nftli^fS. 

(U) K«iIalK4^SBfc»5»^, S«3 £ A° y i^C *7 >7 > h 
^(C#>x^ >^^fccki5, y-hM&X i, X 2 , X a, &tfV 
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Y 1, Y Y 3 , **tt®M@K4£iMr*. *b 

TV>3 0 Bft&asffilfci, Fig. lfc^Ufc*»^©jgl o^Hi»Ifcfll55ft 
3fc*w#'t*»WKrattfe*^taite&Wr«. X, 8raieI{&gB4 aft, 

#IPJ0|g2 0^0J{c^52gft^#W:, Fig. 7fc^f«fc5k, SIS 

j£V>¥*#*m#&fc*«tft© (ii-i30) Mifli 0 a~l 
Oct, Si -fgSfg^^JI 1 0 a~ 1 0 c^S©^Oill$M 
fifcf!t§il~^3M#l 5 a~l 5 c ££#;L3„ Fig. 7 

10 b, 10 cRZSm 1 -i3fM 1 5 a~ 1 5 c *$t**mfc&yt 

m^ZTFttf, *%w<Dmi<Dmmmtmmiz. Fig. nzm^btz^o 

^l^lfilOa, lOe, Rtf*lS*#15a, 15e. 

> i2M|fl iob, 1 0 f , S^f2tMl 5 b, 

1 5 f , , 13^^11 0 c, 1 0 d, Rtfl3tM 

15 c, 1 5 d, tififttETZ. 

«) 3 bKJcD, £$3&RSbJ3 I C^«3 at^$fM|^3 c 



WO 03/058726 PCT/JP02/13835 

- 20 - 

t\z, *&wfc#»bTv>*. mmm i cm®3 a t%ytm?M&mi& 

IC«3 aS^ttI^3 b©^M H£B$£ 

3a±0, z/V u>M4tm6\Z\*3>*>7 b-fc-)V9 6 a, 96b, 9 

6c, 96d, #08 P$:fL A 1 ^>A 1 N i $0&Mlft#>£&£tt 

17a, 7 b, 7c, 7d, d*3 # b 9 6 a , 96b, 

96c, 96d, ••••£fl*bT, n|3|/^^M8a, pi^-Xi 

^&^tm*®«^®Ka*&ai£*iTv>£ (Fig. 3#^) o ^n^otf 
nM^mvsmAmmK wmK-ommumn^mum.^uxyX^^. Fig. 

H8b©^|g|!(:nSx5-y^M8c, ^-7«*8 b*61IBIlTn 

m^uzzmms a^taH-snx^s. 3?}c> zuz^m^s a, ^- 

7l^8b, I55/^««8cCS^tl3l/^^tft7a, 

>^^^$nil/^„ fg^*?^®!* 3 c #3§BJI<Dfit 

0J«#B§f^)o Fig.7Tte, S^3©«® (^2±il) C*V-HiI 
5 a*E«bfcj&t, IgijJB I Cl^3 a.RtWgtt«*3 bCDTBPfcfc 
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ikZntzmW)®M4 a CiO, TFT16a~16c, fcfflf^fc 

Il~i3fMHiot^l-I3^$?Il Oa, 10b, 10 
c, #>5©ft®ifcjfc£tt®gl, »2R^»3»ftfcj6tftr*Jlt 

X, il~^3tMl 5 a-1 5 c. ^WT§^tiiJ:D> # 

7-7^j^ii^si&o, *©a**i»m<iii*4. in, at 

X> St 3 fc, *5S9i©$83fe&7i*#£ffil&U ^ifl 1 0 a~ 1 

Oc, *»60»3l*M*t5&«)OKftffl I C*«3 aSRtt, IE 

ft 13 ft fl! 4 aV-ftMTft^^a^^tttftJa:****^**^ 

M3©iII:TFT 1 6 a~l 6 c, ^©^SK^S Z. t 

Fig. 7fc^-r*»M©»2©*J6Wtff«»^w#tt, &T©^MT? 

U) Fig. 8 (a) fc3*T id fc, nSyiJn>^e»a5it3SfflI 

i (si o 2 «i) m(Dmmm4 o a, 4 0 b^^^-r^o fit, is^n 
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R I E&«££t)f&ftK4 0 bO-ttfc, a&WfcXy^ 
/^--^StlfclftMU 0 b$?X^ilTffl^, (B + ) # 

4 0 a ©-ft*, Fig. 8 (b) fcwtJ;5l:aRWlciyf >^»*t5. 
»fc«fci|*AU *©ft*HM (H^-r^^^) T*il£fcJ;?K »ft 

jM^jfcMta c tmijffl i cM3 a 
(p) mmm (H7-r^» ft, M40a^isb> 

R I E&«££DftftR4 1 I^WCX^f>^tS. 

»Jt5. Hid, iilH4 10lg}:ifcf«!;^^^bSitL, U.V^9 

^T7?£3K>£R I Efe^fcJ: DlfiftJK4 1 OfiO-|»*, S^WK: 
Iyf>^»StS. ^©/^-^>^$nfcM4 lR^plO^ 
-7, £4$ 8 bCD±£B©W>>7 h§-ft>aAY7^ilTi^, n^^F 
^-ft>0^t>ftAi:f<Dt©ilIiai9> Fig. 8 (c) Kj*T <k. 

£5 Fig. 8 (c) tt, J|l«{bSnTVi*«"?lBlK<O-«*C*0, 
Kite, Hwl^W#-7b7>^^^, MISh7>yXn^ 
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(A) Fig. 8 (d) > »b<ttFig.4fcw-r±3fc, SS3±fi, 

MOCVD^^ffl^T, DBR9^Mt§, DBR91 
fc, nl^^lll, J >F-7%&mi 2, pI^5yKBl3 
£0&«JiU fgft® 1 0 &7t$T5, ^tl, pl^7»;H1130Jh 
fc> l/^Tv h 5 1 £X tf >&fiU H©l/^7h5 l&7^hUV^7 
7^i(aO/^-->n5. /^-->^$tlfcI/^Xh5 1 a, 

5 1b, 5 1c, ^X-y^>^Y^^iLTffi^, lyf^SJt 

£bT0l;U*HC l/HNOa^, NaOH«?tt^*Mtffc*U^AKO 
H*«££JBV>&$7xy hlyf^^fcit), l ORtfDBR 

9SSfi3l:lt5*TIyf>^t5. Fig. 9 (a) fc^f 

«t"5fc, liifccDD B R 9 a , 9b, 9c, , DBR9a±©Il^ 

^m^lilOa^ DBR 9 X) ±.<Dffe 2 ^JbMlrM 1 0 b, DBR9c± 

3>i?«6 smarts. uyy77^ii:j;D, i/^h ch^# 

b> Fig. 9 (b) \Z^~?£o\Z, mmm I C^3 a\Z3>?>7 
96a-96c, , SSft^JB/dcfiH* 3 cfcjg6a, 6 b, 6 c, 

^^h*-il/9 6a~9 6c, , M6a, 6b, 6c, 

§. *rl>TnQmm& J $>ZAy#V>!?&m\Z&Q, W, T i , Mol 
cn&ODS/UlM h* (WS i 2 , T i S i 2 , Mo S i 2 ) 
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I7a, ^-7ll7b, X^y^H@7 c RtX^mft^^m^ 7 d£ 
^-©m, ^U3>|ftl6, h*-;V9 6 a~9 6 

c, , Ri^i6a, 6 b, 6 c, ± \Z^Z^TcU V h £ 

^XAy ? V > tfmm\Z&V) , AuN i £&^cD&JIJt£ft>ijl'l4£W 

SCtfciD, pi^77FH3a, 13b, 13c, <h«in 

14^--^ >^ittt§7/- Kmffi 1 4 a, 14b, 14c, 

B§) ^l^>^X^ilTffi^TI^, R I E&^KIJ; D It 3 1 a, 
3 2 b, (Fig. 2) ±\Z?-hmmmx ,, X 2 , X 3 , (Fig. 

2) *j&j%tz>o ^©y-Miix,, x 2 , x „ \mm\E\®U4 

CVDSiUD, $*-r-«ffi*lX„ X 2 , X 3 , (Fig. 2) ± 

\zm i mmmmm 1 7 a- 1 7 i, (m^ss) 0 &k:> 

7sn*j9v >?&m\z&v%imr*mmm(D±m£m\z®tctem%&& 

£D> Fig. 9(c) (c^-TJ:5 132a, 32 b, 32 c, \Z 

f^T, V-T^HiiY 1, Y 2 , Y 3, £#/&T£o V 

-XHHiHY 1, Y 2 , Y 3, x-^^^0S§6 2 ilSTlfif 
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(h) CVD^CiO, y-xil^Y ,, Y 2 , Y 3 , 

£*fflV>fcR I Ei*»K:J;0»2JiWI6ftllt<0-»fc. 77- FtSl 
4a, 14b, 14c, • • • • • ©-«B£*tiJT* 7/ - H 3 2 h 
V-^I8»Y 1, Y 2, Y a, 0-g|$IH3t5V-Xn>^ 

1 <D§«#J£S^1-30Tl&BJ3£^III§-t£o TFT16a-16c, 

■ hm@&^- Hm«ix i, x 2 , x 3, ic^n-^n^s 

ns, X, TFT16a~16c, ©V-*tt«te, 

Y 1, Y a, Y 3 , \Z, YV-{y%mt, 7/-h'f@14a, 14 

b, 14c, fc-tn^tt&j^Sft*. HK, CVD&fc«fc!K TF 

HA iniNi £&^£*t^£i±> *V- Hi!5SMt5. 

X, l/^h$'J7bt7t5i:tl:«J:0, Fig. 9 (c) Jl^t" ? fc, 
jg 1 fgft^Jl 1 0 a±lc, ilt^l 5 a, H2f§ft5lf^Jll Ob 

^nftlf^t§, SI3^A>y)--^}:7^>htnH Fig. 
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*58li©»3 0^Jfif!fcff558^*^#tt, Fig. lOfc^TckS \z, £ 

0j£V>¥l^*m#&fcSfc«© (11-13©) Mifl9 0 a~ 
90ci, ^i-^3Mfi9 Oa-90 c*60)feO»[fiSji&© 
^l:fit5^1^3tMl 5 a~l 5 c tZmZ-Z* fcfc. Fig. 

loictt, lutein* (tr*-fe;io $ifiEt5ii~i3^ifi9 0 

a, 9 0 b, 9 0 c R^I 1 - I 3 1 5 a - 1 5 c 

583t«fS*t^ *»M©^l©^*0!ltra«k:, Fig. lOlcHwbfc 

^OllM^ieOa, 9 0e, MlMl5a, 1 

5 e. , I2^|fl9 Ob, 9 0 f , 2 ikKfc \ 

5b, 1 5 f , , ms&ytm^m 9 0 c , 9 0 d, 3 

Wl5c, 15d, t^ttS. 

Mfl9 0a, 9 0b, 9 0c, WDBR99a, 9 9b, 

9 9 c, S*0#JM^WT§o ^§7fe^^e9 Oa, 90b, 9 

0 c , RXSD BR 9 9 a, 99b, 99c, :£3§BJ<D3I 

lRtf*2®£)M£ft*ft%*?fll O a, 10b, 10c, R 

tfDBR9a, 9b, 9c, £^RWfc[^fllfcttl1ll£^*rS. 5^ U 

3>lHfcm2teg^3, fgftiff^Jf 9 0 a, 9 0 b, 9 0 c, Rtf 

D B R 9 9 a , 99b, 99c, C>^tt}g&£g5 J; 5 fcMS ftT 

Vi§ 0 ffitt, *^BJ(DB1 ®^5I^J^^«W{C|WiaT^^(D"e, III 

^i~i3tMi 5 a~i 5 c\z&-dt% i ~m 3 %ytm?m 9 0 a, 
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9 0b, 9 0c, fr£>©ft©i£§£fft©3Sl, ^2R^i3tfilI 

X, Il-i3S^l 5 a~l 5 c, •••••^WT^^t^ckO, # 

BX^^^^-fbfcB^, P-nX Mb SB an fctfffl**. 

<D&1&m® ft &&ytM 1 OWDBR 90Dii>Hy? 
>^©^DlC RIESi:J;Dx«y5 : >^b ) MflHgOjUT-tn-f 

n^iSnfc^^|9 0a, 9 0b, 9 0c, Rt^DBR99 

a, 9 9 b, 9 9 c, Hfijej&ZnTKZ&lfiRte*. faOMM&Zt 

iSft *^0J3©3I l ©*Jfifc|fctf *»ft«w#©«£#i*fc*«»fc 

(*4©£)M) 

©Ai^KEf*. sps, *%w(om4<DmMm\zffiz>myt%7Kmz. Fig. 

i)feifl 10a-10ct, Hi ~H SfgftH^jf lOa-lOc* 
e>©tt©fc££(fi©fc£K:&&Tsa!l~f6 3gtft#l 5 a~l 5 c t 

&mx%o Fig. nfce, l^&nim (t^-t:;io si^tsii 

^3^|fll0a, 10b, 10cR^l-l3tMl5a 
-15c fc^tf^fcftBfta^S^T**. #5S93©!& 1 ©HMfd^Ji 

fc. Fig. 7teB^Lfc#tt©fSl36ft*^fll 0 a, lOe, 

ili^ftl 5a, 1 5 e, i2^if|l Ob, 1 0 f , 
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•••M2tM 15b, 1 5 f , , i3^ifl 10c, 1 

Od, M3SM15C, 15d, <b^#ft-f3o 

^IfllOa, 10 b, 10 c, <Dm\ZJx.M&mB: 1 8 a, 1 

8b, i 8c, tf^n^nmrnzftx^Zo KM&mmi 8 a, 1 

8b, 18c, ttTH 7)\s$-V2>mtf&muSmr$>Z>o KM 

^I118a, 18b, 1 S cZtiTZZtlZZr). KttmtVTmte 

una, i8b, i8c, o^m^RcK^i -ms^ytm^m 

ioa, iob, loc, ommn^mo ko^um-zntczsvu 

>mitm6t, Il~i3^i?il 0a, 10b, 10c, _t 

->Un>m'fbJ^60^6 a, 6 b, 6 c, 0fi#J£i3©£ nfc 

7;-H*Sl4a, 14b, 14c, 

g£ 3 te> ^tt1gi§£ (i^friH^) 19a, 19b, 19c, \Z 
J; 0, i^Ci>l$nfcM^r^«3 3a, 33b, 33cft 
ttl. ^ifMW3 3a, 3 3 b, 3 3 cil:Il~^3Mi 

fllOa, 10b, 10c, RZtfcM&mmi S a., 18b, 1 

8c, ^@af$nxu§, »fM«3 3a, 3 3b, 

3 3c©iffi (I2±®) x-^*flSi»yi, y » ystf-tn-^tt 

il~l3^lfil0a, 10b, 10c, X.UKM&mWk 

18 a, 18 b, 18 c, te> Fig. \2\Zm~? £ 5 fc, Xli^I^fcS 

V>fctt7flLT7£frT***0DJ*3 1 a, 3 1b, 3 1c, t, Z\(D 

It0i3 1a, 3 1b, 3 1c, l:|^t§Y«l^|6l(:|&^Tl 

>iHM?iJbT^tTT?)1iic0^3 2 a, 3 2 b, 3 2 c, (CcfcDH 

@^^Ell$nTU§ 0 X, il-|3S^l 5 a~l 5 f , }t. 
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3fe&*tt»f**6 a~6 f , fe*n*ft*5«k5fc»lffl»fcB*S 

/&LT^3 0 Z.(Dtc&, zk¥2rftiC^fr1~&1I$:<Z)ji^€@$IXn, x 2 , 

x 3 , is ^liilx,, x 2, xa, (C{I^bT> M^fflfc 

¥ff(c^fff§Fig. HK:zKLfc*»:©7 ? -^«ffil»yi, y «, ys, •••• 
•illJ;07h^7$i^ltH5. it©tgtilx„ x 2> x 3 , 

tt. Fig. 12te75H"«k5K:, ^'j3>M6±0§3 1a, 3 1b, 

3 1c, te*n-£il-# , f "3fi«3*l, 10 0nmg^©f$©@3 

^t&£ 0 h u ^^©!fif^#iafc-tn^n©H**5gBii$ns. f 

ig. 13fcjRt*J:3fc, Hg»0jfcltMi&x„ x 2, x 3 , 

0»6i, *R0T-*«tt*yi, y t, y«. f2x-*m-^liig& 

6 2 iiii^nt^s, jt*fli#isi^6 i iT-^m-^iHii?#6 2 trm 

* (/^r>^hijn) gEKjT&S, Fig. 13K:£V>T, jfeg 
jf^@S&6 1 ££DjMt*«*Xi, x 2 , x 3 , £JHB#jfearf£. j§ 

y 2, y. f ••••fc»jST*fc**ffi*ftJnT6ClfcK:J:0, EPJP^nfc 
fgftiit^ji 10a-10 f«t§. 

±11 feck die, *56WO*4 0^«f!IK:^S38^**#fc«fcntf, 
»1, »2. »3ift«©J»jB**J|l'-«l3ft*#fcJ:r>Tlll'-*3 

^^^^JilOa, 10b, 10c, *>60ft®Sfi*ffi©JBl, 

g 2 Rtf £ 3 iftfi aj*3S«fci«3*fcai#, M 

X, fgl~a§3&3fc#l 5 a~l 5 c, ^ft^^cUckO, * 
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Fig. \\\ZK?*%w<Dm4<DmMM\z&%%%mmm$, &t<d^m 

H) Fig. 14 (a) (1^^5(1, n^>-U3>^e>^?)S«3 

ftK (Si Oa«) «®ftft»t4 7 a, 4 7 b*»rifT*. *bt, 16 ft 
K4 7b0±»l:i/^hftl#t4. Hfc. 'JV^77>fttil:iD, 

R I Efe^tck0«fiftli4 7 b llRWl:iyf>^*t5. 
A°^-->^$nfcife^M4 7 b^YX^tbtffl^, B + ^<Z)p§^He 
M^itiRWiC^ATS. I^K, IftftHU 7 a©±«fcUS>X 

b> :OIyf >^X^ffi^fcRI ES^t«fcO*fiftlgl4 7 a©- 
Fig. 14 (b) ICjSt«k5l:lK»l:Xy5 : >^l*4t5. A°*- 
->^$nfc«6*flS4 7§7^^ibtffl^, pS!*ilffi&£#&aftW 
fc*AU *-©&3Mfl.JI (H7^f^» T^iltlCfcO, g$3£ffi 
ftWfc*Mrr**»tt«tt 19 a, 19 b, £^ 

(p) Fig. 14 (c) t^-r^a mus ±\zM^mmm^7, 

M118±C, nS^^'ill, ;>H-^ttI12, p.H^ 
7y HI 1 3 £JH#M b, m%M 1 0 SMt§. vmtryy 
Pin©!!:, l^X h 5 1 £Xfcf >^3frU :®I/i?7h5U7 
* h'JV^77^«CJ:0/^-r>^§ 5 A^-" >^£nfcU 
h 5 l^l^>^7x^tbtffl^, I';f>^St bT0!l;L 
tfHC 1/HN0 3 », NaOH^KOHW*ffl^fc7x7b 
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Xy?>#m\Z «k 0 > SBftl 1 0 RtfDB.R 9 £g$3 £>1T&£TX 
y?>m. Fig. 15 (a) tliti^I, ^licO^M^H 

Hi 8 a, - 1 8 b, 18c, , Ilf^IIl 8 a ±0|f§ 1 ^ftH^ 

110 a, KM&mmi 8 b±tf)3g2fgftm : ?Jf 1 0 b, EM^MBl 

8 c±0^3^lfll 0 c, ifc^fiJTS, 

(A) Jfcfc, CVD&fcJ;D, SlSCiSC^^I^^dy'J 

U Fig. 15 (b) fc**r<k5fe38E6 a, 6b, 6c, , 

6 a, 6 b, 6 c, ± J5 *f & & h £MftfU 'JV^77 

^K^D, AuN i £&^<D&Mil£ft^tt£WT3 £5 

T3 0 ^-IT, Mfcfrfc&I/^X h£U7 h^7T§d^(c:J;0, pi 

^7>;Fil3a, 13b, 13c, tfifiRtt*-5«^Sj»t 

57;-Ht«14a, 14b, 14c, SMt5.' fOft, X 

X^tUTffl^Tffl^, R I Emm\Z&r)ffi3 1 a, 3 2 b, (Fi 

g. 12) ±fc7£2tM»xi, x 2 , x 3 , (Fig. 12) £ 

<Dt%> ^tilixi, x 2 , x 3 , te, Fig. 13fcjj*L£jt3£fi -t 

®i®6 1 fc^TMs^^^n, ^^m^i3s§6 1 \zm§s.&i\zmmztiz* 

fS. ^ITlSlf^^A'-^^^HctD, Al^AlNi 
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*?X££JBl>fcR I Efe^fcJ;*), Fig. 15 (c) fc^f «k 5 fc, x-^ 
«Myi. y ■. y., *©ft, X51fS^XA-> 

^>J>y*fe«fc«kD, S4£3© (I2iil) H £ © £ 
»yi, y a, ys, tt. Fig. 13fc^L&T-:7fB#lEl&6 2 

T, l/^h*U7ht7t5i:tl:iD, Fig. 15 (c) fc^-f <fc 5 fc, 
ilMifil Oalt, iltMl 5 a, I2^$f|l 0 b 

±{c^2^^#i 5 b, msmytm^mi oc±c*3s^i 5c^ 

-.0iJT&D, £tt&ft©«*©«»;frJSK:J;tK pJf&Tfc § £ £ 
(H5©^ig0!l) 

*5S9i©*5©3UJS«K:«S»^a*#tt, Fig. l6fC^TJ;5K:, £ 

0jKV>¥*fMmfr &&***© (11-130) Mifi7 0 a- 
7 0 c t, Hl~3l3fi§ftiil^Jf 7 Oa-70 c^6©^©«[fi*tt© 
^SK^TSfg 1-113 Hft^l 5 a~l 5 c t^flS. Fig. 

i6fc«, (tf^-t;v) sm^-rsid i 3%ytm^m i o 
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a , 70b, 70c JkUW, 1-^3 fkJtW 1 5 a ~ 1 5 c £^tf 

$t%m=F*^t-h^ #3§bjcdi!i (Dmmmtmmiz, Fig. wzm^ltc 

^©^lMM7 0a, 7 0e, Rtfllt*#l 5 a,. 1 

5 e, , ^2^3feifl7 Ob, 7 0 f , H 2 1 

5b, 15f, , mz^mi-mi 0 c, 7 O d, &tflfl3 

Wl5c, 15d, •••••t^ms. 

^l-MS^^m^Ji? 0 a, 70b, 7 0 c, IktfD B R 7 9 

a, 7 9b, 7 9c, te, (^#!tfC*i&) 7 4a, 7 4b, 7 4 

c, rKm2ftR?K^\zmn,#)\zttMtsnT^z> 0 mT^mm® 

74a, 74b, 74c, #1 7 □ h > (H + ) 

m (Kttmmmm®) r&z> 0 ^i?i7 oa, 70b, 70c, ••• 

••RtfDBR79a, 79b, 79c, *%m<D% 1 RlSm 2 

©^W^^ft^ 1 1 0 a, 10 b, 10 c, •••••&tfDBR9 

a, 9b, 9c, tmm^\zw\mumm^t^> 0 y'j3>t« 

7 6SMifl7 0a, 7 0 b, 7 0 c, R^^^l^ 7 4 

a, 7 4b, 7 4 c, ±i:@2I$ntV^ 0 =y U □ >M{tm 7 6 ± 

fctt, *^BJ©^l~^3©^ISfyi|w|^^V-X«@^Y 1, Y 2 , Y 3 , 

^ts^^nxv^o m\$, *mw<D%i<Dnnmtnn®\zmm-v 

±$Lfc<j;5 \z, *%®(D%5 <Dmmmt&z>%ft%t*fotz&ni l £, 

mi ~^3m7t#l 5 a, 15b, 15c, J; o 1 3 2g 

^ifi7 0a, 70b, 70c, j0> £ ©^©^S^fficDS 1 > fl 

X, H 1 ~H§ 3 1 5 a~l 5 c, £WlT 3 £ £ <fc D , # 
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Fig. n*m^Tmwf%> : 

(-f) £1*, Fig. 5 (c) fc^*TJ;5^; S^3±tC, MOCVD^f 
Hill, ;>H-^Sttll2, pIi77yHIl 3^1^111, 

(D) %\z, pM7 yy HJi 1 3 ©±fc, Mte^fCcfc^ ^fcJH 
(S i OJ) #0»*tt£#/fcTS. ^-IT, »JV^77^ifcJ:0, 
f6»|g0±fl5K:i^:* h 5 1 ©Xy^>#TX£ £?£j&U 

Zm^tcR I Efc$K:<fc9*Sig!:IB0-«B«:, l^Cly? 
>^l&£T&o /1*-^>^£ttfc»*l*5 1 £T7.£<hbTfflV^ B + 

«M£€&tofc#SIT5&fc0*^#»£#7 4 a, 7 4 b, 7 4 c, • 

£©Pif^#$t^7 4 a, 7 4b, 7 4 c, 

V, ^ytM 1 O&tfDB R 9 ft; H 1 ~*3»ft*.-?Ji 7 0 a, 7 0 b, 

7 0c. RtfDBR7 9a, 7 9b, 7 9c, tlZ^ttl^ft 

^fiJf^o B + fKt>aAT§i^DC, 7*uY> (H + ) « 

SfiSlt'r^Cltfc.kO, fcJ*£ffi$i#Tife£* : ?#Hi£«7 4 a, 7 4 
b, 7 4c, SMIT^^, 

f^^^^tbTffi^Ty'Jn^lftl? 6S/^-^.>^U, Fig.l 
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7 (b) fczRT^'Sfc, 16a, 6b, 6c, , £<, 51 # 

«*^U3>BfeftHt7 6RtfJ8 6 a, 6 b, 6 c, ±fc*rfcfc 1/5? 

HUttt^X/^y^U^^MlcAD, AuN i&&e®£jRlt&ftaHA 

t7t§ ^tHiD, pl^77F113a, 13b, 13c, • • • • • i 
y^*»f *7;- Hii 1 4 a , 14b, 14c, ••• 

tjkl7 6 ±fcH^S#BSbfcy- h€Si»S^^-r5. CVD 
*feK:J;9, Mi»±CHwStKl&« 1 Ji 

m^^Mfe^M^Jtmr^o fit, 'jy^77^ifcit), i/^x 

&^te«fc?K Fig. 17 (c) fcw'T.kSK:, V-XSS»Y „ Y a, Y 3, 


(*) CVD^iCkO, V-X««i»Y 1, Y 2 , Y 3, ± 

4a, 14b, 14c, •••••©-a;$»ajt57;-Ha>^f h*- 

;k y-xM»Y 1, y ., y 3 , ■-••©-Si&ItHtsv-xn^^ 

i (Dmrnrntmrn-r 5 oTiaej schists. TFTi6a~i6c, ••• 
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••o^-Mis^-Milx „ x 8 , x 3 , fc^n^n&i&s 

ns.. X, TFTl 6 a~l 6 c, ©V-XM«, 

Y 1, Y 2 , Y 3, \Z, Rl/-f >tlfi, 7/-HII1 4 a, 14 

b, 14 c, fc*n**l»«Stt*. CVD^fcit), TF 

^3H*tt^/V;^'J>mi:J:t), g^3©giQ (H2±3l@) 
CAl^AlNi ^^^^il^^-fr, Ftl5^W^, 

T, l/^Xh^'J7ht7t5ItHJ:0, Fig. 17 (c) £ 5 £, 

mi^^^^il7 Oait, llMl 5 a, I2M^fl7 0 b 
±Hl2f)fe#:l 5 b, ^3M$fI7 0 5c§ 
tnW^t§, §/Vy^-yl:7'7>htn«, Fig. 

cn&ft©a* ©»&#&££ o, ii"Jit^§ct« 

(16 ©H;6&#]) 

*589i©fl6©^J!iWK:«*583t*^#tt, Fig. l8fcj*TJ; 5 £ 

<Dm^*mfott®frt>tS:2>m$k<D (Il-i3©) MfllOa- 
lOct, 1 SSft^/B 1 0 a^&©*©»**ffi©«*fc*lftT* 
f&li^&l 5ai$1^.5. fcfc. Fig. 18fcte> 1 (tf^iz 
^) &«t§^l~I3^ifll Oa, 10b, lOcMl 
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nmzs Fig. mzm^Ltz^comi^ytM^m i o a, ioe, > 

H2fgft^Jf 1 0 b, 1 0 f , , fg3^3fc^l 10 c, 1 0 d , . 

5 a, 15e, i:^#fif?>o 

6 o)mmm\z&z>myt%7*mz, xmwvm 1 ig 2 ommm^m^ 

fc^2fMl5b, 15f, ^^3tMl5c, 15d, 

*mW<D%Q(DmMMlz.&^T, ilMifll 0 a, lOe, ••• 
••W, I2^fi.l0b, lOf, ^e>0^©^S«SViH 

5. ^3ffifl,10c, lOd, ^6©)t©tlll Ilf^ 

IfilOa, lOe, S^l2^$fI10b, lOf, •••• 

^^iOOtST^^o fl^H IlMif 1 1 0 a, lOe, 

S^l2^^?I10b, lOf, ft ftlfnffeLEDT* 

§0 — ^3Mifll 0 c, 1 0 d, (iIfiLEDT^§. 

fUl&ft&l 5 a, 1 5 e, te, ^l^ifll 0 a, 1 0 e, 

•••••^^fMOil^lSWtbTiMMt^ f§2 
^^m^S 1 Ob, 1 0 f , ^3M$^I1 0 c, 

lOd, ^e^-fe^^m*$tl§(DT, 7;i/#^-^^T£& 0 

^ISPlSaia^TilMfilOa, lOe, ^6© 

X, ilfMl 5 a, 1 5 e, *G?Z> d £ £ «fc 0 , #5-7 
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Sf , Fig. 19 (a) l^tJ;^:, *«3±fc, MOCVD& 
#£ffiV*T, nI^7yFill, ;>H-^ttI12, pl^7y 
HI 1 3&NUfcttJIU ^11 O^MtS. &fc> pi^7>; HI 
13 011:, I/S?7h5 1S7t:>if b, ^01/^7xh5 1^7^-h 

h 5 1 £Xy^>^TX7<hbTfflV^ l7f>^«tbT«^«H 
C 1 /HNOs^E NaOH^KOH^^^fcfx7 hXy 

<db^ Fig. 9 (a) \z*?&5\z, %ytmi 0O-ffl*«aKWk:l»*$ 

ft, ff£ 1 SBft&^l 10a, lOe, Rtf IS 2 8Sft3S^Ji 10b, 

1 0 f , 

(p) cvD^^ckO> oiS0M§i^7l:y'J 

3>^b$|8 6 £WT 5. Uy^77^Si(lJ:D, l^yXh (Ela* 

Fig. 9 (b) fc^T £5&^8 4 £^/&T£ 0 ^LT, ->'J3> 

T> nl777Fi81, / > F-7'S'I4JI 8 2, pi^;yH183 

V>T, 3B#Ji 1 0 tt»fi^-f ^il> pI^77H113 

©±fc, h 8 5 £X tf^^U Z\(D h 8 5 £7 * h U V 

^77^IlUDA^-->n§o ^^-->^nfcl/^b8 



WO 03/058726 



PCT/JP02/13835 



- 39 - 

<D&m, Fig. 19(d) \Zmt£5\Z, mz^ytm^m 10 c, 10d, • 
•••■WSnS. Fig. 20 (a) fcjj*f &5\Z, HF^fc<fcD, 

> U n >mfcm 8 5 , 8 6 ^iit^„ 

(/\) :A\z, cvDSHckD> M3©il(D^§ga<t5l:v'U 

U Fig. 9 (b) fc^-r^l;:, EUjffl I CH^3 &\zu>$$ h*-)l 

9 6 a ~ 9 6 c , > fiftM? Mf&m® 3cl:^6a, 6b, 6c, 

, 

6a, 6b, 6c, IfcUfcai/^b^l, UV^77^ 

<k^, AuNi £&^0&JRK£ttS»tt£#TSJ; 3 

13 a, 13 b, 13 c, tteSffitttf-S y 7 y - K 

iI14a, 14b, 14c, £^$T3. 

(*) mz, ? v >#%m\z&K)V x./\mm\zMM&&m<Dm 

BS) 5lyf>m^ t LTfflViTffl^, R I ESf t<fcDf3 1 a, 
3 2 b, (Fig. 2) ±\Ztf-hmMmX 1, X 2 , X 3, (Fig. 

2) zmm-rzo zov-hnmrnx x 2 , x 3 , &igsjtei&»4 

^!fc, CVDftfcit), y-MiiX,, X 2 , X 3, (Fig. 2) ± 

fcfglJIM&Ml 7 a~l 7i, 5 (H*#K) . 
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J; D >, Fig. 9 (c) «32a, 32b, 32c, £ 

BoX. V-XMHY 1, Y 2 , Y 3 , V 

-XtiiY 1, Y 2 , Y 3, te> x-^m^0S§6 2 (Ittlli 

(A) CVD&fccfcD, V-X«M^Y 1, Y 2, Y 3, 

££ffi^fcR I E^^tJ:DB2jir B m,m0(D-gM^ 7/- Hffi^l 
4a, 14b, 14c, tHTS 7 / - H n >^ * h *- 

;k v-xtiiY ,, y 2, y 3, ©-^§iffltsv-X3>^ 

l<D&fomttt'TZ<D , VWm&4ito?Z. TFT16a~16c, ••• 

■•c^ni^-nisx 1, x 2, x 3, fc*n^n*tt$' 

tl§. X, TFT16a~16c, ©V-XiSft V^XlIi 

Y 1, Y 2, Y 3 , fc\ FK>mHte. 7/-H1S1 4 a, 1 4 

b, i4c, nii^ns, ic, cvDfeiao, tf 

(h) U7ht7^§ffl^5fcfei:> ^ 3 JMflil&Mt<Z>±K:9r 

T, l/^Xh$<J7ht7t§itl:j;!3, Fig. 19 (c) fc^T<fc"5 fc, 
^l^fll O a±Kl, miikytftl 5 a, 1 5 e, §^n^ 
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cnu^(Dm^ omm^mzx d> mm*imT&z>z:t\z 
a # a/a e> & t & 6 o o 

*Ji II - VIlfc©*fcaEtt (ZnS) * (StftfttffiE g = 3. 6 e V) , 
■kU>4km$t (ZnSe) & (Eg=2. 6 e V) f OE g = 2. 45 

ftSl^fWyT-fT (AliOi) i^^^OZnS, ZnS 

e^^^^S^^fi^ft^^S^U^Ali •( G a A s ) 

X> *%W<DW, 1 5 O^Jfi^fcfe^T, mftft l 5 a, 15 b, 
15 c, 5a, 1 5 e, , # 2 1 5 b, 

1 5 f , , &3&##i 5 c, 1 5 d, t&ifttiits mmu 

»ft**#Rl«B-canfcf, Ml5a, 15b, 15c, 
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0 a, 10b, 10c, frb&J]1snZ>yt<D®.&l l Z)fcCTmybfal 

5 a, 15b, 15 c, fc&V^ttSOT?, ftO&fifiMSfclSJfcS 

WfeOtW. iPtS, itft&l 5 a, 15b, 15 c, 

a, iob, loc, •••'•-efcntf, ^omas • fc$tt4#fciB£3*i* 

»3H*?ilO'a, 10b, 10c, tcomizKMBRXtrty 

77l^tTSlt§DBR9a, 9b, 9c, Sr^*E$*TV^ 

DBR 9 a , 9 b, 9 c, <Z)ftfc>tH;:> Fig. 1 1 b fcKM& 

1118a, 18b, 18cOi5S:/ty77l*filUXt>A^. X, 
DBR9 a , 9 b, 9 c, ©fttoOfc, RI*it®*tB*:*$fcWt 

*H^fiDH4 ©*»08K:*lr>Tf*, Slt^IIl 8 a, 18 b, 

1 8 c £>ftfc> D (£> DBR^£flH>Tfc&^ 0 IH, # 3! CD III 6 0 H 
Jfifl|K:*V>T«, 113t^l^3^fll 0 a, 10b, 10 

X> *^HjCD^l~^3(7)^iSFyfc43ViT, D B R 9 a , 9b, 9c, 

WIl-iSHIfllOa, 10b, 10c, HI3 

la, 3 1b, 3 1c, X^3 2a, 32b, 32c, KJ; 

OE^fc^i, KHStlTV****, *H3 1 a, 3 1b, 3 1c, R 

3 2 a, 3 2 b, 32c, ©ftfeOiC, D B R 9 a , 9b, 9c, 

Ml~^3Mfil0a, 10b, 10c, \z.mX 

\Z7uV> (H + ) Sflaitl/T?gJEfiSnfci«JtfiR<S*K:<fcDBliIUTt> 
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TFT16a~16c, ^^lUT^S^, TFT16a~16c, 

(tfd) ^&m-mm&-&m (mid ^>r*-i«**;w 

Xs *%W<D%6(DmMM\Z&^T. fgl&ftftl 5 a, 15e, ••• 

••0^t)OH, 5 b, 15f, £Jl^T*>&V>o X> 

^^.(fllMifilOa, lOe, Rr>'i2^i?110b ( 

1 0 f , fimifc%RZS%2fcmtLT%&ft<DttfrQ\zmt\-yt* 

it-Sllf^^a, 1 5 e , l2^St^§M^S 

m2fo%tLxn&K\z%im$tm?%m2&ytfci 5 b, isf, 

^^^>rn^, ff§3 3§ftilf^JI 1 0 c, 1 0 d, ^&^3lli:b 
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i. mut, 
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9. mm^ytmt, m2%i%ytm^m±\zw.wzn, muw,i%%m 

10. fTf3i£ft#:te> Mft%2%ytm?m±.\zmwisn, muw.2^% 

11. ttftB^^#:tt, m^smytm^mtizmw-zn, mmm3m?t 
m^mft z (Dmmmmyto^^mB^ i Rxsm 2 fa^tteguzm 3 

m%^%m^m^^o%(D^^m(D^\z^m-t^^%w 

1 3. MB^£mU^%B^mt<Dmz7*7y?fcMm^\zm^Z> 
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14. mibs^, mm%ftm?mfrb(D%ftitmw?z>tz.tb(D¥mw 

15. tfUBii^o^^^^i^, m-<D®.%(Dmmytz%yttz>%i~ 

dt^#ita:T§if^©i5ffl^i 5 mmm<Dmytm*foo 

17. ftiiBitftftte, Mf2^2^^H^l±^Em$tl, MfBHI2^ft 

18. itfrfB*i:ft#:f3\ tfIfB^3^^^^1±^EM^n, MfBf! 3 
^^^^mT^^3m^#:^l!^^trd<]:<£#i!j«hr§if^^$5fflm 1 
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20. Mmmytm?m*%i&tz>xmz, «ME»ftji©-»fcajR«fc 
u 
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24. mmt, M9d,mfa±\zm&®&&wm*mmvtc%yt%7xft®m 
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